Introduction
Cancer is the main disease that endangers human life worldwide. The incidence of cancer remains grim that 1.7 million new cancer cases and 0.6 million cancer deaths are projected to occur in USA in 2017. 1 Since cancer often leads to poor survival and a marked decline in quality of life, effective and safe therapies for prolonging cancer survival are urgently needed.
Beta-blockers have been considered as a safe cardiovascular treatment for decades. 2 At present, the beta-adrenergic receptor downstream signaling pathway is certified as an important regulator of progression and metastasis of some important tumors, 3 making beta-blockers a new alternative for cancer adjuvant chemotherapy. 4 So far, a growing number of studies have supported the use of beta-blockers in prolonging survival of cancer patients, but several studies have put forward controversial conclusions.
Materials and methods search strategy
Under the guidance of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA), we conducted this meta-analysis. To identify the studies of interest, we systematically searched PubMed (Supplementary material online file), Embase, Cochrane Library, and Web of Science for research reports published up to September 1, 2017. Search terms included: {Adrenergic beta-Antagonist(s), beta-blocker(s), atenolol, bisoprolol, carvedilol, metoprolol, propranolol, sotalol, timolol, arotinolol, betaxolol, bevantolol, carteolol or celiprolol} combined with {cancer(s), carcinoma(s), malignancy(ies), neoplasm(s) or tumour(s)} and {prognosis, survival or mortality}. We scanned the titles and abstracts of the studies identified in the initial search, excluding those apparently unrelated. The full text of the remaining articles was read to determine the studies that can be included. In addition, we have further studied the reference lists of articles for additional studies.
inclusion and exclusion criteria
Our inclusion criteria were: 1) case-control or cohort studies or randomized controlled trials (RCTs); 2) patients with cancer; 3) reported at least 20 patients; 4) evaluated the therapeutic value of beta-blockers in cancer prognosis; 5) compared beta-blocker users with non-users in patients; 6) reported survival outcomes like overall survival (OS), all-cause mortality, cancer-specific survival (CSS), diseasefree survival (DFS), progression-free survival (PFS), and recurrence-free survival (RFS); 7) reported HR with 95% CI for survival of comparison between exposure group and control group or HR could be obtained from other sufficient information.
Articles were excluded from the analyses for any of the following reasons: 1) reviews, commentaries, experimental laboratory articles, animal studies, or letters; 2) repeated publications; 3) impossible to calculate HR with 95% CI for survival from the paper.
Data extraction
The following information was extracted from each study: 1) publication data: first author's name, publication year, and geographical location of the study; 2) study design; 3) number and characteristics of participants; 4) types of beta-blockers used; 5) HR estimates with their 95% CIs and control for multiple factors by matching or adjustments. If the HR and 95% CI could not be obtained directly, they were estimated from Kaplan-Meier curves. 5 
Quality assessment
Quality of the included studies was assessed using the Newcastle-Ottawa Quality Assessment Scale (NOS). Studies of medium quality scored 6-7 points. This assessment was completed by two investigators (ZN and XQ) independently, and any disagreements were solved by a revaluation of the original article with a third author (XH).
statistical analysis
For the meta-analysis, we calculated pooled HRs with 95% CI for all the studies. We used the Cochran's Q-test to examine whether the results of the studies were homogeneous. The P-value ,0.10 for Q-test indicated heterogeneity. Quantity of I 2 was also calculated to describe the percentage variation across studies due to heterogeneity. We regarded an I 2 value .50% as indicative of significant heterogeneity. A fixed-effects model (inverse variance method) was used to calculate pooled results when no heterogeneity existed among the included studies; otherwise, a randomeffects model (DerSimonian and Laird method) was used with the weights inversely proportional to the variance of hazard ratio of each trial. 6, 7 To identify potential sources of between-study heterogeneity, subgroup analyses were conducted by stratifying ethnicity, duration of drug use, cancer stage, sample size, beta-blocker type, chronological order of drug use, and different types of cancers. We conducted sensitivity analysis to determine the relative effect of a particular study on the meta-analysis model. To assess the influence of potential causes, meta-regression models were fitted separately for each cause except for beta-blocker therapy. The Begg's adjusted rank correlation test and the Egger's regression asymmetry tests were used to evaluate the effects of publication bias. All analyses were conducted using Stata 12.0 software (Markummitchell, Torrance, CA, USA), and we read Kaplan-Meier curves with Engauge Digitizer version 9.8.
Results
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Beta-blocker use for cancer prognosis is shown in Figure 1 . Six hundred and thirty studies were initially identified by the search. Of these, we retrieved 49 potential studies by filtering the titles and abstracts. Due to insufficient information (12 studies) or including the same patients (one study), 13 studies were excluded after further comprehensive review. Two studies were conducted in the same institute, but as the sample patients were at different stages and were treated differently, we considered them to be different cohorts. 8, 9 Finally, a total of 36 studies were included in the pooled analyses. Table 1 showed the characteristics of the 36 studies. The articles were published from 2011 to 2017, which included 319,006 patients. Of them, 35 studies utilized cohort design [8] [9] [10] and one study used case-control design. 11 Besides, there were 22 hospital-based studies [9] [10] [11] [14] [15] [16] 18, 19, 21, 23, 24, [26] [27] [28] [29] [30] [31] [33] [34] [35] 40 ,41 and 14 population-based studies. 8, 12, 13, 17, 20, 22, 25, 32, [36] [37] [38] [39] 42, 43 Overall, all the 36 studies reported the prognostic value of beta-blockers in the survival of cancer patients.
Quality assessment
While there was small variation in the methodological quality of the included studies, all 36 included studies were judged as moderate to relative high quality according to the NOS assessment tool, with scores of 6 (11 studies), 7 (20 studies), and 8 (five studies, Table S1 ).
Beta-blockers and survival of cancer
Meta-analysis of overall survival
As displayed in Figure 2A , the forest plot showed that betablocker use was not associated with OS. The pooled HR was 0.94 (95% CI: 0.87-1.03, P=0.172) from 22 observational studies. Considering the high heterogeneity (I 2 =83.3%, P,0.001), we used random-effects model to pool the studies.
Meta-analysis of all-cause mortality
Twelve studies focused on beta-blocker use and allcause mortality. A random-effects model was used and Figure 2B ) showed that beta-blocker use was also not correlated with all-cause mortality.
Meta-analysis of cancer-specific survival
Thirteen studies presented the data concerning the association between beta-blocker use and CSS ( Figure 2C ). We calculated that beta-blocker use was significantly correlated with long CSS, with a pooled HR of 0.78 (95% CI: 0.65-0.95, P=0.012) by using a random-effects model.
Meta-analysis of disease-free survival
Four studies reported the data on beta-blocker use and DFS outcome. The pooled HR was 0.59 (95% CI: 0.30-1.17, P=0.134, Figure 2D ) with significant heterogeneity between studies (I 2 =89.5%, P,0.001), which demonstrated that betablocker use was also prominently not related to DFS.
Meta-analysis of progression-free survival
The data on beta-blocker use and PFS outcome was presented in six studies. Meta-analysis adopting the fixed-effects model revealed that beta-blocker use was not associated with PFS (HR=0.90, 95% CI: 0.79-1.02, P=0.087, Figure 2E ) and exhibited no heterogeneity (I 2 =0.00%, P=0.603).
Meta-analysis of recurrence-free survival
Four studies provided sufficient data on beta-blocker use and RFS outcome. The pooled HR was 0.99 (95% CI: 0.76-1.28, P=0.944, Figure 2F ) by a random-effects model. Beta-blocker use was also significantly not related to RFS.
subgroup analysis
To deeply explore the relationship between beta-blocker use and OS, we performed subgroup analysis based on ethnicity, duration of drug use, cancer stage, sample size, beta-blocker type, chronological order of drug use, and different types of cancers. The median values of original data from included studies in "duration of drug use" and "sample size" were chosen as cut-off values to divide our subgroups. The results are summarized in Table 2 , with the corresponding forest plots presented in Figure S1 .
The subgroups of sample size and ethnicity demonstrated no significant effect of beta-blocker use on OS. Similarly, beta-blocker showed no obvious impact on OS for patients with duration of drug use more than 2 years (HR=1.03, 95% CI: 0.93-1.14, P=0.617) or patients with duration of drug use less than 2 years (HR=1.01, 95% CI: 0.91-1.11, P=0.897). Additionally, the subgroup analysis indicated that the administration of beta-blockers had no relationship with longer OS when the meta-analysis was restricted to patients with cancer in I/II stage (HR=0.97, 95% CI: 0.89-1.06, P=0.507) or cancer in III/IV stage (HR=1.04, 95% CI: 0.94-1.14, P=0.468). In addition, the studies using selective beta-blocker (HR=0.93, 95% CI: 0.83-1.05, P=0.243) and non-selective beta-blocker (HR=1.04, 95% CI: 0.89-1.22, P=0.596) were found to have no effect on OS. However, beta-blocker showed a more positive effect on OS for patients with time-fixed post-diagnostic beta-blocker use (HR=0.65, 95% CI: 0.43-0.99, P=0.046) than pre-diagnostic beta-blocker use (HR=1.03, 95% CI: 0.95-1.11, P=0.493) and time-dependent post-diagnostic beta-blocker use (HR=0.87, 95% CI: 0.59-1.30, P=0.508). sensitivity analysis Sensitivity analysis was conducted on different survival outcomes. The meta-analyses of beta-blockers and survival were performed by removing a single study in turn. After removing the study results, the comprehensive estimation direction and amplitude of OS, all-cause mortality, CSS, DFS, PFS, and RFS were not significantly changed, indicating that the reliability of the meta-analysis was good and the results were not affected by any research (Figure 3 ). In addition, sensitivity analyses were also conducted in those studies whose HR and 95% CI values were presented in original articles (not calculated from the Kaplan-Meier plots) ( Figure S2 ) and whose NOS score was $7 ( Figure S3 ). These factors did not affect the main results.
Publication bias
The funnel plot revealed no evidence of publication bias in the meta-analysis of beta-blocker use and OS ( Figure 4A , Egger's test: P-value =0.358; Begg's test: P-value =0.115). There was no potential publication bias on beta-blocker use and all-cause mortality as well ( Figure 4B , Egger's test: P-value =0.261; Begg's test: P-value =0.260). Besides, there was also no potential publication bias on beta-blocker use, CSS, DFS, PFS, and RFS of cancer patients ( Figure 4C-F) .
Meta-regression
The meta-regression analysis was performed to investigate the effects of various cohort study characteristics on the study estimates of the HRs. We grouped the studies according to specific characteristics, the size of sample, the sex of patients, the cancer sites, study duration, and study quality. There was no inverse association between sample size (P=0.892), sex of the patients (P=0.135), cancer sites (P=0.364), study duration (P=0.076), and study quality (P=0.571). Because of the lack of information, meta-regression was not performed on other survival outcomes.
Discussion
This meta-analysis summarizes 36 currently published studies examining the association between beta-blocker use and prognosis of cancer across a wide range of geographic regions and cancer types. Overall, the administration of beta-blocker was not associated with OS, all-cause mortality, DFS, PFS and RFS of cancer patients. However, beta-blocker use was significantly correlated with long CSS (HR=0.78, 95% CI: 0.65-0.95). Since the patients included in the clinical trials differed in stages, therapies, and so on, the heterogeneity was inescapable. Then we conducted subgroup analysis. Among the cancer types, positive associations between beta-blocker use and cancer prognosis were observed in breast cancer, pancreatic cancer, and melanoma, but could not be detected in lung cancer, ovarian cancer, colorectal cancer, and mixed cancer. Interestingly, beta-blocker use is associated with improved survival only among patients with ovarian cancer, pancreatic cancer, and melanoma. However, the results should be interpreted carefully because the number of studies on these three cancers was small. In addition, the results showed that beta-blockers prolonged OS for patients with time-fixed post-diagnostic beta-blocker use. Generally, the subgroups of cancer stage, beta-blocker type, cumulative beta-blocker use, sample size, and ethnicity demonstrated no significant effect of beta-blocker on longer OS. Hence, we did not find a beneficial effect of beta-blocker use on cancer survival.
To our knowledge, this meta-analysis is the fourth one to be conducted on beta-blocker use and prognosis in various cancers. Indeed, this analysis objectively confirmed the latest development in this topic. All the previous three articles drew a conclusion that beta-blocker use could prolong the survival of cancer patients, [44] [45] [46] but our current analysis showed an opposite conclusion that there is generally no relationship between beta-blocker use and cancer prognosis. We then hypothesize some possible reasons for this conclusion. Preclinical studies have suggested that β-blockers play an anti-cancer role in multiple kinds of cancers by targeting at β-adrenergic signaling pathway. 47, 48 β-blockers can inhibit multiple processes of tumor progression and metastasis, including the inhibition of tumor cell proliferation, migration, invasion, as well as resistance to tumor angiogenesis and metastasis. 3 Although the basic research may be effective, it is not recommended for speculating on the clinical survival of cancer patients due to the current evidence of evidencebased medicine. Beta-blocker is not a necessary medication for general adjuvant chemotherapy in cancer patients. 49 Since cardiovascular diseases are common in the population, cancer patients frequently receive cardiovascular medications, including beta-blockers, 2 but beta-blockers might not be recommended for chemotherapy in the absence of other indications. Further studies should be done to investigate the relationship between cancer survival and beta-blocker use in cancer patients without cardiovascular disease. Additionally, different effects in different cancers might have contributed to the lack of a discernible relationship between beta-blockers and OS of various cancers in the current studies. To find out the actual concrete relationship between the two, further analysis can be confined to beta-blocker use and one specific cancer based on a large enough population. Besides, beta-blockers themselves might have some undefined side effects on other organ systems, which might lead to cancer progression. 50 However, there are still several limitations in this study. First, the studies included in this analysis were all cohort studies or case-control studies, as there were no RCTs yet investigating this topic. Second, while sensitivity analysis supported the stability of our results and a relatively large number of studies were included, we should still carefully interpret the results. The heterogeneity found in the study may be attributed to the multivariable influence factors in some studies. Third, the power of Begg's and Egger's tests to detect bias will be low with small number of studies, and when the between-study heterogeneity is large, none of the bias detection tests work well. Fourth, the dose-response analyses were not carried out due to a limited amount of literature.
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Despite the limitations, there are several strengths in our study compared with previous meta-analyses. First, our current analysis showed a completely different main conclusion from the previous meta-analyses that there was no relationship between beta-blocker use and cancer prognosis.
Second, we separated all-cause mortality from OS to make the analysis more precise. Third, we included 36 studies involving 319,006 patients, which was a larger number of patients than previous meta-analyses. Fourth, we discussed almost all variables that could describe the outcome of 17 Grytli et al (2014) 9 Jansen et al (2014) 20 Assayag et al (2014) 32 Lemeshow et al (2011) 22 Parker et al (2017) 40 Barron et al (2011) 12 Kim et al (2017) 21 Grytli et al (2013) 8 Hwa et al (2017) 19 Melhem-Bertrandt et al (2011) 23 Watkins et al (2015) 27 Udumyan et al (2017) 25 Lower CI 26 Sakellakis et al (2014) 41 De Giorgi et al (2013) 15 Kim et al (2017) 21 Lower CI 26 Diaz et al (2012) 16 Heitz et al (2013) 34 Heitz et al (2017) 35 Spera et al (2017) 30 Giampieri et al (2015) 18 Lower CI (2) Ganz et al (2011) 17 Jansen et al (2014) 20 Melhem-Bertrandt et al (2011) 23 Lower CI limit Estimate Upper CI limit E F Figure 3 sensitivity analysis of beta-blocker use on Os (A), all-cause mortality (B), css (C), DFs (D), PFs (E), and rFs (F). Abbreviations: OS, overall survival; CSS, cancer-specific survival; DFS, disease-free survival; PFS, progression-free survival; RFS, recurrence-free survival.
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Beta-blocker use for cancer prognosis survival, including OS, all-cause mortality, CSS, DFS, PFS, and RFS.
Conclusion
The beta-blocker administration is not associated with cancer prognosis except for the positive effect on long CSS. Moreover, there are apparent protective effects of beta-blocker use in ovarian cancer, pancreatic cancer, and melanoma. We need more high-quality studies, such as RCTs, to confirm this conclusion in the future.
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